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Bhismadev Chakrabarti
Despite housing 18% of the world’s population, India does not yet have an estimate of prevalence of autism. This
study was carried out to estimate the prevalence of autism in a selected population of school-children in India.
N511,849 children (mean age55.9 [SD51.3], 39.5% females) were selected from various school types from three
boroughs in Kolkata, India. Parents/caregivers and teachers filled in the social and communication disorders checklist
(SCDC). Children meeting cutoff on parent-reported SCDC were followed up with the social communication ques-
tionnaire (SCQ). SCQ-positive children were administered the autism diagnostic observation schedule (ADOS).
Teacher report on SCDC was available on all 11,849 children. Parent-report SCDC scores were obtained for 5,947
children. Mean scores on teacher SCDC were significantly lower than parent SCDC. Out of 1,247 SCDC-positive chil-
dren, 882 answered the SCQ, of whom 124 met the cutoff score of 15. Six of these children met criteria for autism,
autism spectrum disorder (ASD), or broader autism spectrum on the ADOS. The weighted estimate of supra-threshold
SCQ scores was 3.54% (CI: 2.88–4.3%). The weighted prevalence estimate of positive scores (for broader autism
spectrum1ASD1 autism) was 0.23% (0.07–0.46%). As 20% children in this state are known to be out of the school
system, and ASD prevalence is likely to be higher in this group, this estimate is likely to represent the lower-bound of
the true prevalence. This study provides preliminary data on the prevalence of broader-spectrum autism and supra-
threshold autistic traits in a population sample of school children in Eastern India. Autism Res 2017, 00:000–000.
VC 2017 The Authors Autism Research published by Wiley Periodicals, Inc. on behalf of International Society for
Autism Research
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Introduction
Prevalence studies on autism spectrum disorders (ASD)
have been carried out in more than 15 countries since
1966, largely in the western hemisphere. Figures for prev-
alence of ASD are essential to determine the economic
burden, to help establish more effective infrastructure and
public policy, and to target research. Estimates vary from
4.1 per 10,000 individuals in 1966 (UK) to as high as 113
per 10,000 (USA) individuals in 2014 according to region
and time [Elsabbagh et al., 2012]. Changing definitions of
ASD can account for some of this observed variability.
Specifically within Asia, estimates vary widely across time
and country (China: 0.003–0.17%, Japan: 0.011–0.21%,
South Korea: 1.89%) [Kim et al., 2011; Sun & Allison,
2010]. Heterogeneity of screening and diagnostic tools
(SDTs) used in Asia has contributed to this variability;
eight screening instruments have been used for the 26
prevalence studies in Asia. Five studies in Japan have used
an 18-month health checklist (HC-18) [Honda, Shimizu,
Imai, & Nitto, 2005; Honda, Shimizu, Misumi, Niimi, &
Ohashi, 1996; Kawamura, Takahashi, & Ishii, 2008; Sugi-
yama & Abe, 1989; Tanoue, Oda, Asano, & Kawashima,
1988]. In China, five studies used the Chinese autism
behavior scale [Zhang & Ji, 2005], two used the translated
version of the autism behavior checklist [Volkmar et al.,
1988], and others used a translated version of the check-
list for autism in toddlers [Baron-Cohen et al., 2000;
Wong et al., 2004]. A local version of Bryson’s Screening
Scale was used in Indonesia while an Iranian study used
the Childhood Symptom Inventory-4 [Ghanizadeh, 2008;
Sprafkin, Gadow, Salisbury, Schneider, & Loney, 2002]. A
recent Korean study used a translated and validated ver-
sion of the autism spectrum screening questionnaire
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followed by autism diagnostic observation schedule
(ADOS) and autism diagnostic interview-revised (ADI-R)
to confirm diagnostic status [Kim et al., 2011]. The diver-
sity of screening instruments and study designs can
potentially account for some of the variance in estimated
prevalence [Elsabbagh et al., 2012; Sun & Allison, 2010].
Population-based studies in Asia since 2000 establish a
median observed prevalence of 13.9 per 10,000 individu-
als [Elsabbagh et al., 2012]. Unfortunately, India is the
largest exception to the list of countries with an estimate
of prevalence of autism and suprathrehold autistic traits
in the general population [Elsabbagh et al., 2012; Malho-
tra & Vikas, 2005; Sun & Allison, 2010]. One reason for
this lacuna has been the lack of availability of translated
and validated SDTs for autism, which has been addressed
in our earlier work [Rudra et al., 2014]. Two other
recently available scales developed in India are the
INCLEN diagnostic tool for autism spectrum disorder
[Juneja et al., 2014] and the Indian scale for assessment of
autism [Chakraborty, Thomas, Bhatia, Nimgaonkar, &
Deshpande, 2015]. Estimates drawn from studies in the
UK and USA suggest that India could have more than 2
million people with ASD [Krishnamurthy, 2008]. Very few
studies have been carried out in India to estimate ASD
prevalence [Malhotra & Vikas, 2005]. These small-scale,
hospital-based studies have reported varying estimates of
the prevalence of autism in psychiatric outpatient sam-
ples, varying widely from 2.9% to 62.5% [Bharath, Sri-
nath, Seshadri, & Girimji, 1997].
The diversity of culture and socio-economic status
(SES) in India may bear on the manifestation of the
autism phenotype. Socioeconomic factors have been
shown to influence autism prevalence in other coun-
tries [Rai et al., 2012]. Particularly in the case of social
communicative deficits toward the Asperger end of the
autism spectrum, symptoms manifest only against the
background of cultural norms and therefore the very
existence of some symptoms may be partially a func-
tion of culture [Belmonte, 2011]. As pointed out by an
early study, some Indian paediatricians are not con-
cerned with the delay of language until 3 years of age
[Daley & Sigman, 2002].
A prevalence estimate of autism in India would not
only help to understand the impact of the condition
but also would accelerate the development of appropri-
ate government policies and help provide a framework
for future research. With this aim, this study carried
out a multi-stage screening and validation procedure to
measure the prevalence of autism and suprathreshold
autistic traits in a school-based cohort in India. This
study’s age range of 3–8 years captures a high enough
age when most autism-relevant behavior are clearly
manifested, while avoiding major compensatory
changes [Lord, Rutter, & Le Couteur, 1994].
Methods
Sample
The study included children aged 3–8 years attending
different types of schools in three boroughs or munici-
pal wards (63, 64, and 65) in Kolkata (total pop-
ulation5128,904). In most private schools in India,
the age for entry is 2.5–3 years and above. However, in
government schools, the age for entry can be as high
as 6 years. The school types included were government
(7 including central and state government schools),
private (18), nongovernment organizations (2 main-
stream schools were run by NGOs) and 1 group of
anganwadi centers (Fig. 1). Anganwadis are govern-
ment childcare centers that provide supplementary
nutrition, nonformal pre-school education, nutrition
and health education, health check-ups, and referral
services. The centers are managed by trained workers.
In ward 63, there were 11 anganwadi centers (no. 18–
28), in 64, there were 14 centers (no. 140–153), and in
65, there were 13 centers (no. 141–149, 155 and 156
and 162–163). The set of all anganwadis was counted
as one single school in the flowchart since each indi-
vidual unit is significantly smaller than a school (Fig.
1). One special school for the hearing- and voice-
impaired fell within the selected catchment area and
was included in the sample.
Of 29 schools approached, one school (partly govern-
ment funded) refused participation on the basis of
examinations being held during the time of this study.
School fees were treated as an indicative proxy for SES,
as detailed in Supporting Information Table S1.
The final sample size, though limited by the available
resources, was chosen to be similar to that of the
school-based prevalence study of autism carried out in
Cambridge in 2009 [Baron-Cohen et al., 2009].
Study Design
Ethical approval for this study was obtained from the
Action for Autism Institutional Review Board (IRB). An
information sheet with the details of the study and con-
sent forms were distributed in all these schools. Written
informed consent was obtained from parents willing to
participate. Illiterate parents provided informed consent
with their thumb print. Consent forms were returned to
the school in sealed envelopes provided which were then
collected by research assistants. The data were collected in
three stages between 2010 and 2013, by a research team
of postgraduate psychologists. The first and second stages
took place from 2010 to 2012. The third stage, ADOS
administration, was done in 2013. Data were collected
from each school simultaneously.
Stage one. The first stage involved administration of
the SCDC. SCDC is a short screening measure for
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autism comprising 12 questions pertaining to social
and communicative behaviour. It was administered first
because of its demonstrated efficiency as a quick screen
for social reciprocity and communication in a general
population (Skuse et al., 2005). A cutoff score of 9 was
used, as suggested by a similar large-scale study, to
identify children with significant social communicative
symptoms typically associated with ASD (Skuse et al.,
2009). All teachers from the selected schools were pro-
vided with the social communication disorder checklist
(SCDC) in hard copy, in English/Hindi/Bengali for each
child eligible for enrolment. To facilitate quick comple-
tion of the questionnaire by the teacher, each class was
represented by a spreadsheet with each of the SCDC
items as a row, and each child as a column. Parents/
caregivers filled in the SCDC in written form, or by tele-
phone/in-person interview, according to their prefer-
ence. In low-SES schools, teachers and anganwadi
workers were asked to inform all the parents about the
study. Parents were provided with information sheets
(in Hindi and Bengali) and requested to come in for
SCDC administration. Low-SES parents/caregivers who
were illiterate were administered the SCDC in person by
research assistants. These parents were administered the
SCDC for approximately 15 min, in groups of one to
five.
Figure 1. Flow chart showing the steps of the multi-stage screening procedure for the study. Govt5 government. Anganwadis are
government childcare centers that provide supplementary nutrition, nonformal pre-school education, nutrition and health education,
health check-ups, and referral services.
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Stage two. All parents/caregivers of children who
scored above the threshold on the parent-reported
SCDC completed the social communication question-
naire (SCQ), a 40-item parent-reported screening tool
for autism-related traits, based on the ADI-R [Berument,
Rutter, Lord, Pickles, & Bailey, 1999]. The SCQ has been
shown to aid clinicians in selecting preschool children
who may show ASD traits, so as to diagnose them with
the ADOS. The SCQ is highly sensitive in screening
children of 2.5 years and older [Allen, Silove, Williams,
& Hutchins, 2007; Corsello et al., 2007].
Stage three. Finally, all children who screened posi-
tive at the SCQ were administered the ADOS, by a
research-trained psychologist (S.M., trained for research
administration of the ADOS at Great Ormond Street
Hospital, London). ADOS administration took approxi-
mately 1 hr for each child. The ADOS is one of the
most validated measures of autistic behavior, and
involves a semi-structured interview with quantitative
coding [Rutter et al, 2002]. According to age range and
verbal ability, children were administered either ADOS
module two or three.
Data analysis
Written responses were transcribed electronically, and
statistical analysis was performed using SPSS version 19
(IBM Corp., Armonk, NY). For the SCDC, which com-
prises only 12 items, individuals with any missing items
were excluded from further analysis. For the SCQ, omis-
sion of more than five items resulted in exclusion. SCQ
scores with <5 missing items were extrapolated using
the formula (total SCQ score1 [mean item score x num-
ber of missing items]) similar to that used in earlier
studies [Hoekstra, Bartels, Verweij, & Boomsma, 2007].
The unweighted estimate for suprathreshold SCQ
scores was calculated by dividing the number of chil-
dren who scored above the cutoff by the total number
of children whose parents had completed the SCDC.
The weighted prevalence estimate for suprathreshold
SCQ scores was calculated after accounting for two fac-
tors: (a) the number of non-respondents for SCQ
among the individuals who scored above cutoff in the
parent-report SCDC, and (b) the base rate of suprathres-
hold teacher-report SCDC score in the subset defined
by point (a), using the formula below:
P5 SCQ1½   PSCDC1½ ð Þ= SCQ½ Þ  PSCDC½ ð Þ (1)
where, [SCQ1]5number of SCQ screen positive chil-
dren; [PSCDC1]5number of parent-report SCDC
screen positive children; [SCQ]5number of SCQ
respondents; [PSCDC]5number of parent-report SCDC
respondents.
This approach has the effect of dividing the
unweighted estimate [SCQ1]/[PSCDC] by the SCQ
response rate [SCQ]/[PSCDC1], thus increasing the esti-
mate by the expected number of positives amongst the
non-responders.
The formula above assumes equal distribution of
autistic traits among responders and non-responders to
parent-report SCDC. To account for potentially differ-
ent rates of suprathreshold autistic traits in non-
responders for parent-report SCDC, a weighting factor
X was calculated as follows:
X5 TSCDC1½ PSCDCnr= TSCDC½ PSCDCnr
 
=
ð TSCDC1½ PSCDCr= TSCDC½ PSCDCrÞ
(2)
where,
[TSCDC1]PSCDCnr5number scoring above cutoff on
teacher-report SCDC among those who did not respond
to parent-report SCDC; [TSCDC]PSCDCnr5number
administered the teacher-report SCDC among those
who did not respond to the parent-report SCDC;
[TSCDC1]PSCDCr5number scoring above cutoff on
teacher-report SCDC among those who responded to
parent-report SCDC; [TSCDC]PSCDCr5number adminis-
tered the teacher-report SCDC among those who
responded to the parent report SCDC
Using expressions (1) and (2), the final estimate of
prevalence of suprathreshold SCQ scores was made
using the following formula:
Pweighted5 P  PSCDC½ 1X  P  TSCDC½ Pnonresp
 
=Ntotal
(3)
where Ntotal is the total number of children screened.
The estimates for the children meeting the cutoff for
broader autism spectrum classification based on the
ADOS were similarly calculated after accounting for the
SCQ non-respondents using the method described
above (detailed formulae provided in Supporting Infor-
mation). CIs for the key estimates of prevalence were
calculated from 1,000 non-parametric bootstrap sam-
ples, as done in a similar previous study [Baron-Cohen
et al., 2009].
Results
Sample Demographics
The sample from all 28 schools consisted of 11,849 chil-
dren (mean age55.9 years, SD51.4). Teacher and par-
ent report SCDC data were sought from all children in
stage 1. Teacher report data were obtained on all chil-
dren. Parent-report SCDC was obtained from 5,947 chil-
dren. Follow-up of individuals who met cutoff on
parent SCDC (N51,247) was done with the SCQ
(N5882). Of 124 children with suprathreshold scores
on the SCQ, 116 took part in an ADOS administration.
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Of those individuals who scored above cut-off on the
SCDC and thus were given the SCQ, 365 did not
respond. Of 124 who were SCQ-positive and invited for
an ADOS administration, 8 did not respond. Children
identified to be on the broader autism spectrum using
the ADOS and clinical judgement was referred to the
Mental Health foundation of India for further consulta-
tion. Unfortunately, due to limited resources, no
follow-up or referral was provided to non-responders at
any stage of the study. Sample demographics of
teacher- and parent-reported SCDC and SCQ are shown
in Table I. Supporting Information Table S2 shows the
distribution of scores on each instrument for each SES.
Supporting Information Table S3 describes the socio-
demographic profile of responders and non-responders
for each instrument.
Missing Data
Teacher-report SCDC data were available for non-
responders to parent-report SCDC (N55,902) and
parent-report SCQ (N5356). These data were used to
adjust for potential differences in the distribution of
suprathreshold autistic traits in the non-responders, as
described above and in the Supporting Information.
Distributional Properties of SCDC and SCQ Scores
The Kolmogorov-Smirnov test indicated significant
deviation from normality (P<0.001) for SCDC and SCQ
data. Accordingly, nonparametric tests are reported in
the following section. Figure 2 shows the distribution
of the parent and teacher scores on SCDC and parent
scores on SCQ. Cronbach’s alpha for the SCDC in the
current sample was 0.812. Cronbach’s alpha for the
SCQ in the current sample was 0.631.
Responder and Gender Differences
Parents reported significantly greater SCDC scores than
did teachers (Wilcoxon signed-rank Z549.9, r50.7,
P<0.001). Teacher-reported SCDC scores were greater
for SCQ respondents in comparison to SCQ non-
respondents (Z54.8, r50.14, P<0.001). Males were
associated with significantly higher scores than females
on all instruments (Table I).
Preliminary Prevalence Estimate
A preliminary prevalence estimate was calculated from
the follow-up of individuals with SCDC data from
parents (Fig. 1). Out of 5,947 children whose parents
completed the SCDC, 1,247 met the cutoff score of 9.
Of these, 882 participated in the SCQ stage. One hun-
dred and twenty-four children met the SCQ cutoff of
15. Of these 124 SCQ-positive children, 116 agreed to
an ADOS administration. Of these 116 children, a total
of 6 met the ADOS cutoff in different modules, and
were clinically judged to demonstrate broader-
spectrum autism. One child met the ADOS cutoff for
autism in Module 2 (total of social and communica-
tion scores 9, for children above 5 years). Two chil-
dren met the cutoff for ASD in Module 3 (total of
social and communication scores 7 and <10). One
child met the broader autism spectrum cutoff in Mod-
ule 2 (age above 5 years, total of social and communi-
cation scores 6 and <8) and two children met the
cutoff in Module 3 (total of social and communication
scores 5 and <7), using the criteria as defined in a
recent large-scale study in the general population [Col-
vert et al., 2015]. Similar results were observed across
genders (Table II).
Table I. Sample Demographics and Mean Scores for All
Instruments
Parent SCDC Teacher SCDC SCQ
Overall N 5,947 11,849 882
Mean age (SD) 5.9 (1.4) 5.9 (1.3) 6.01(1.4)
Mean score (SD) 5.04 (4.4) 1.04 (2.9) 9.6 (4.5)
Male N 3,344 7,175 641
Mean age (SD) 6.01 (1.2) 6 (1.2) 6.2 (1.3)
Mean score (SD) 5.6 (4.6) 1.16 (3.1) 10.5 (4.4)
Female N 2,603 4,674 241
Mean age (SD) 5.8 (1.4) 5.8 (1.4) 5.9 (1.2)
Mean score (SD) 4.29 (4.05) 0.85 (2.7) 7.4 (4.01)
Figure 2. Histogram showing the distribution of the parent SCDC, teacher SCDC, and parent SCQ scores. Dotted line indicates cutoff
scores on the respective instruments.
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The unweighted overall prevalence estimate for
supra-threshold SCQ scores was 2.09% (bootstrapped
CI: 1.7–2.5%) and the weighted estimate was 3.54%
(bootstrapped CI: 2.88–4.3%). The estimate of the chil-
dren meeting criteria for broader autism spectrum (also
including autism, and ASD) according to the ADOS and
clinical judgement was calculated similarly, incorporat-
ing individuals who met cutoff scores on the SCQ and
were administered the ADOS. The unweighted preva-
lence estimate for broader autism spectrum was 0.1%
(bootstrapped CI: 0.03–0.18%), while the weighted esti-
mate was 0.23% (bootstrapped CI: 0.07–0.46%). This
figure was driven in equal measures by ASD per se and
by the broader autism spectrum.
Discussion
This study provides a preliminary estimate of the
prevalence of broader autism spectrum and supra-
threshold autistic symptoms in a large school-based
sample from one city in eastern India. This study
applies widely used, gold-standard tools for autism
screening and diagnosis, translated and validated in
regional languages [Rudra et al., 2014]. As such, this
study provides the first estimate of autism-related
symptoms in a large school-going cohort in India. The
choice to implement a school-based design rather
than a hospital register-based design was necessitated
by the lack of availability of central disability regis-
ters/hospital records with patient diagnosis details (as
available in many Western countries). The school-
based design allows an advantage in being able poten-
tially to flag higher-functioning children, who often
are not identified until a later age. However—as elabo-
rated later—an inherent disadvantage of such designs
is the lack of data from children who are outside the
school system.
A number of studies have used similar designs involv-
ing multi-stage screening of children [Baird et al., 2006;
Baron-Cohen et al., 2009; Kim et al., 2011]. The sample
size of 11,849 children is comparable to that of the
prevalence study carried out in mainstream schools in
the UK (N511,635, 9–10 year-olds) [Baron-Cohen
et al., 2009]. The 46.7% response rate obtained in this
study exceeds that obtained in the UK study (30%) but
is less than that obtained from the regular school popu-
lation sample in the South Korean study (63%) [Kim
et al., 2011].
This prevalence estimate of 0.23% for broader autism
spectrum (based on ADOS) in school-going children is
likely to represent a lower-bound of the true prevalence
of ASD in this age group. This inference is driven by
school enrolment data available from the Government of
India (http://schoolreportcards.in/). West Bengal (the state
of which Kolkata is the capital) had a net enrolment ratio
of 79.4% for 6–11 year olds in the appropriate primary
and upper primary schools in 2012–2013. It is possible
that there is a higher prevalence of autism (as well as
other mental and physical health conditions) in the
20% of children who are outside the school system. Of
all the children enrolled in schools, only 0.008% reported
a clinical diagnosis of Autism. In comparison, Kerala
(another state of India of a similar size, but with a higher
net enrolment ratio [83%] and higher literacy rate
[93.9%]) had a significantly higher percentage of children
with reported Autism enrolled in schools (0.025%). If the
true prevalence of ASD is assumed to be comparable
across the two states, these data indicate that about one
third of the children with ASD are entering the school
system in West Bengal, compared to that in Kerala.
This low estimate of prevalence in our study is how-
ever comparable to several other population-based prev-
alence estimates in other Asian countries. In a similar
study carried out in TAIF-KSA (Saudi Arabia) in a
school-going population (7–12 years of age), overall
prevalence was very low (0.035%) [Al-Zahrani, 2013].
An Indonesian study reported a prevalence of 0.117%
for ASD [Wignyosumarto, Mukhlas, & Shirataki, 1992].
A subsequent study in China reported a similar figure
of 0.11% (11 per 10,000 children) for autistic disorder
[Zhang & Ji, 2005]. Wong and Hui, using government
population statistics for ASD, noted an estimated 5-year
incidence of 7.9 per 10,000 for children under 5 years
in Hong Kong in the period 2001–2005 [Wong & Hui,
2007]. In Iran, a prevalence of 0.063% was reported for
typical autism [Samadi, Mahmoodizadeh, & McConkey,
2012]. In Japan, cumulative incidence and prevalence
of high functioning childhood autism were 0.162% and
0.211%, respectively [Honda et al., 1996]. Other than
the study in Saudi Arabia, these were population-based
studies on school-age children.
The present results are in line with rates observed in
some Asian countries but lower than those reported in
other studies [Baird et al., 2006; Kim et al., 2011; Wong
Table II. Number and Percentage of Individuals Scoring
Above Cut-Off on SCQ and ADOS
Overall Male Female
Parent SCDC respondents 5,947 3,344 2,603
SCDC screen positive 1,247 844 403
SCQ respondents 882 641 241
SCQ screen positive 124 115 9
ADOS participants 116 109 7
ADOS (broader spectrum
cutoff) positive
6 6 0
Weighted estimate of
suprathreshold SCQ scores (%)
3.54 5.06 0.89
Weighted estimate of children
meeting broader spectrum
cutoff on ADOS (%)
0.23 0.33 0
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& Hui, 2007]. Such reports of low incidence of ASD in
Asian countries (except South Korea, Kim et al., 2011)
are of particular significance for exploring cultural fac-
tors that may influence identification of ASD.
Many moderately to severely affected children, in par-
ticular, might escape notice in such school-based popula-
tion studies, because they are not enrolled in school. For
children with a diagnosis who are currently enrolled in
schools, it is possible that their parents choose not to
respond to such surveys because of the stigma associated
with psychiatric diagnoses. However, this possibility is
low in the current sample, since we observed that the
mean teacher-reported SCDC scores for SCQ respondents
exceeded those for SCQ non-respondents. Though stud-
ies carried out in preschool suggest a lower cutoff for
SCQ, a cutoff of 15 was used to identify children with
suprathreshold autism-related traits as suggested in the
original paper [Berument et al., 1999] and previously val-
idated with our own translation of the SCQ [Rudra et al,
2014]. In this study, the distribution of the SCQ scores
(Fig. 2), along with the parents’ tendency to over-
endorse autistic traits, argues for adherence to this stan-
dard, validated screening cutoff.
Due to the absence of any prior available medical
information on the children in this sample, we were
unable to test for false negative rates. We tried to mini-
mize this confound to an extent by basing calculations
on both parent-report and teacher-report data. This strat-
egy ensured that our estimate was not unduly influenced
by parents who might not report autism-relevant traits
because of fear of stigmatization or diagnostic labelling.
The weighted estimate of 3.54% of children meeting
supra-threshold scores on the SCQ is closer to the esti-
mate for ASD obtained in the South Korean study of
1.89% (CI51.43–2.36) as well as a study in Toyota,
Japan by Kawamura et al. on PDD prevalence (1.81%,
95% CI51.6–2.06) [Kawamura et al., 2008; Kim et al.,
2011]. In this study, a large difference in prevalence esti-
mates is noticed when considering parent report data on
their own, versus after including data from the ADOS
administered by a research-trained psychologist. The dif-
ference in prevalence estimates from parent SCQ data
and ADOS administration highlights the over-
endorsement of ASD symptoms by parents. This observa-
tion is further supported by comparing the large mean
SCDC scores from parents with the smaller ones from
teachers. Murray et al. have pointed out that certain
social skills are context-dependent and their interpreta-
tion may vary between teachers and parents [Murray,
Ruble, Willis, & Molloy, 2009]. Another possible source
of this difference between parent and teacher responses
might be the fact that parents have a much smaller set
of children on whom to base their judgements. Over-
reporting of autistic traits by parents in India has been
observed in a recent report [Venkatesan, 2015].
Males scored higher on both the SCDC and SCQ
compared to females. None of the females met cutoff
scores on the ADOS. This result reinforces the observa-
tion that males score higher than females on autistic
trait measures [Auyeung, Baron-Cohen, Wheelwright, &
Allison, 2008; Valla et al., 2010]. The results also fit the
trend for gender differences observed in previous stud-
ies on validation of autism screening tools and behav-
ioral measures [Skuse et al., 2009].
Although a representative sample encompassing all lev-
els of SES was approached for this study, limited resources
for follow-up and the low literacy rates in individuals
from low-SES accounted for lower participation from this
group compared to that of middle and high SES. In
future, this gap needs to be addressed through appropri-
ate awareness drives and greater resource allocation for
low-SES data collection. In order to prevent stigmatization
of children identified with broader autism spectrum in
our study and to minimize the dropout rate, parents were
informed that this was a developmental study of children,
with no reference to autism. All personal information was
kept confidential under a written agreement from each
school that the results could only be divulged to the
parents/caregivers of the individual child. Children who
took part in the final (ADOS) stage of the study and were
identified with any ASD were referred to the Mental
Health Foundation of India for further consultation.
As a first study of its kind, this work is not without its
limitations and hence caution is called for in interpret-
ing its findings. One limitation is the potential under-
representation of the low-SES children. Most low-SES
individuals may be daily wage earners and hence may
have opted not to miss a day’s earning. Second, illiterate
parents at the low-SES schools were administered the
SCDC in groups of one to five. This group administra-
tion format may have resulted in biased answers. None
of the parents of the three children who met cutoff on
SCDC from low SES came forward to participate in the
SCQ stage. This under-representation of participants
from the low SES may have led to a lower prevalence
estimate. To understand the effect of this potential bias
we reran the analysis without low SES individuals, which
yielded a very similar weighted estimate for broader
autism spectrum of 0.26%. As this is a small deviation, a
substantial influence on our final estimate via such a
mechanism seems unlikely.
The second limitation was the lack of access to dis-
ability registers from hospitals or to autism-specific spe-
cial schools in the catchment area. This study thus
misses out on the chance to identify lower-functioning
children with autism, who might not be going to any
school. Future studies should be conducted using a
more extensive and representative sample (possibly
using voter lists or door-to-door sampling).
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Conclusion
This study is one of the first to provide a preliminary esti-
mate of the prevalence of broader autism spectrum and
supra-threshold autistic symptoms in an Indian school-
going population. The unweighted (0.1%) and weighted
prevalence estimates for broader autism spectrum (0.23%)
estimate should be considered with caution as they repre-
sent a lower-bound of the true prevalence of ASD in the
country. This result however can form the basis of future
large-scale epidemiological and related (genetic and envi-
ronmental) research on autism in India. Such research in
low-resource settings is crucial in order to inform policies
and to guide appropriate allocation of resources for indi-
viduals on the spectrum.
Acknowledgments
We would like to thank Srabanti Roy and Gargi Das-
gupta for help with data collection, Dr. Nidhi Singhal
and Ms. Merry Barua for invaluable input into the
development of the translated version of the instru-
ments, Professor Simon Baron-Cohen and Dr. Jai Ran-
jan Ram for their advice, and Dr. Francesca Solmi for
her comments on an earlier version of this manuscript.
No authors declare any conflict of interest. This project
was supported by a grant from Autism Speaks USA to
BC and SM, and by an agreement with Cornell Univer-
sity, Department of Human Development under Faculty
Early Career Development Award BCS-0846892 from
the Directorate for Social, Behavioral and Economic Sci-
ences, US National Science Foundation, awarded to
MKB. BC was supported by Medical Research Council
UK, AR was supported by a doctoral studentship from
the Felix foundation, and MKB was supported by a
Fulbright-Nehru Senior Research Fellowship from the
United States—India Educational Foundation, funded
by the governments of India and the USA.
References
Allen, C.W., Silove, N., Williams, K., & Hutchins, P. (2007).
Validity of the social communication questionnaire in
assessing risk of autism in preschool children with develop-
mental problems. Journal of Autism and Developmental
Disorders, 37, 1272–1278.
Al-Zahrani, A. (2013). Prevalence and clinical characteristics of
autism spectrum disorders in school-age children in Taif-
KSA. International Journal of Medicine and Public Health,
2, 578–582.
Auyeung, B., Baron-Cohen, S., Wheelwright, S., & Allison, C.
(2008). The autism spectrum quotient: Children’s version
(AQ-child). Journal of Autism and Developmental Disor-
ders, 38, 1230–1240.
Baird, G., Simonoff, E., Pickles, A., Chandler, S., Loucas, T.,
Meldrum, D., & Charman, T. (2006). Prevalence of disorders
of the autism spectrum in a population cohort of children
in South Thames: The Special Needs and Autism Project
(SNAP). The Lancet, 368, 210–215.
Baron-Cohen, S., Scott, F.J., Allison, C., Williams, J., Bolton, P.,
Matthews, F.E., & Brayne, C. (2009). Prevalence of autism-
spectrum conditions: UK school-based population study.
British Journal of Psychiatry, 194, 500–509.
Baron-Cohen, S., Wheelwright, S., Cox, A., Baird, G., Charman,
T., Swettenham, J., . . . Doehring, P. (2000). Early identifica-
tion of autism by the CHecklist for Autism in Toddlers
(CHAT). Journal of the Royal Society of Medicine, 93, 521.
Belmonte, M.K. (2011). The autism spectrum as a source of
cognitive and cultural diversity. Ranchi Institute of Neuro-
Psychiatry and Allied Sciences Journal, 3, S46–S54.
Berument, S.K., Rutter, M., Lord, C., Pickles, A., & Bailey, A.
(1999). Autism screening questionnaire: Diagnostic validity.
British Journal of Psychiatry, 175, 444–451.
Bharath, S., Srinath, S., Seshadri, S., & Girimji, S. (1997). Child
and adolescent psychiatry in-patient facility. Indian Journal
of Pediatrics, 64, 829–832.
Chakraborty, S., Thomas, P., Bhatia, T., Nimgaonkar, V.L., &
Deshpande, S.N. (2015). Assessment of severity of autism
using the Indian scale for assessment of autism. Indian
Journal of Psychological Medicine, 37, 169.
Colvert, E., Tick, B., McEwen, F., Stewart, C., Curran, S.R.,
Woodhouse, E., . . . Bolton, P. (2015). Heritability of autism
spectrum disorder in a UK population-based twin sample.
JAMA Psychiatry, 72, 415–423.
Corsello, C., Hus, V., Pickles, A., Risi, S., Cook, E.H.,
Leventhal, B.L., & Lord, C. (2007). Between a ROC and a
hard place: Decision making and making decisions about
using the SCQ: Between a ROC and a hard place. Journal of
Child Psychology and Psychiatry, 48, 932–940.
Daley, T.C., & Sigman, M.D. (2002). Diagnostic conceptualiza-
tion of autism among Indian psychiatrists, psychologists,
and pediatricians. Journal of Autism and Developmental
Disorders, 32, 13–23.
Elsabbagh, M., Divan, G., Koh, Y.-J., Kim, Y.S., Kauchali, S.,
Marcın, C., . . . Fombonne, E. (2012). Global prevalence of
autism and other pervasive developmental disorders: Global
epidemiology of autism. Autism Research, 5, 160–179.
Ghanizadeh, A. (2008). A preliminary study on screening prev-
alence of pervasive developmental disorder in schoolchil-
dren in Iran. Journal of Autism and Developmental
Disorders, 38, 759–763.
Hoekstra, R.A., Bartels, M., Verweij, C.J., & Boomsma, D.I.
(2007). Heritability of autistic traits in the general popula-
tion. Archives of Pediatrics and Adolescent Medicine, 161,
372–377.
Honda, H., Shimizu, Y., Imai, M., & Nitto, Y. (2005). Cumula-
tive incidence of childhood autism: A total population
study of better accuracy and precision. Developmental Med-
icine & Child Neurology, 47, 10–18.
Honda, H., Shimizu, Y., Misumi, K., Niimi, M., & Ohashi, Y.
(1996). Cumulative incidence and prevalence of childhood
autism in children in Japan. British Journal of Psychiatry,
169, 228–235.
Juneja, M., Mishra, D., Russell, P.S., Gulati, S., Deshmukh, V.,
Tudu, P., . . . INCLEN Study Group. (2014). INCLEN diagnos-
tic tool for autism spectrum disorder (INDT-ASD): Develop-
ment and validation. Indian Pediatrics, 51, 359–365.
8 Rudra et al./Prevalence of ASD in India INSAR
Kawamura, Y., Takahashi, O., & Ishii, T. (2008). Reevaluating
the incidence of pervasive developmental disorders: Impact
of elevated rates of detection through implementation of
an integrated system of screening in Toyota, Japan. Psychia-
try and Clinical Neurosciences, 62, 152–159.
Kim, Y.S., Leventhal, B.L., Koh, Y.-J., Fombonne, E., Laska, E.,
Lim, E.-C., . . . Grinker, R.R. (2011). Prevalence of autism
spectrum disorders in a total population sample. The Amer-
ican Journal of Psychiatry, 168, 904–912.
Krishnamurthy, V. (2008). A clinical experience of autism in
India. Journal of Developmental & Behavioral Pediatrics, 29,
331–333.
Lord, C., Rutter, M., & Le Couteur, A. (1994). Autism diagnos-
tic interview-revised: A revised version of a diagnostic inter-
view for caregivers of individuals with possible pervasive
developmental disorders. Journal of Autism and Develop-
mental Disorders, 24, 659–685.
Lord, C., Risi, S., Lambrecht, L., Cook, E.H., Leventhal, B.L.,
DiLavore, P.C., . . . Rutter, M. (2000). The Autism Diagnostic
Observation Schedule—Generic: A standard measure of
social and communication deficits associated with the spec-
trum of autism. Journal of autism and developmental disor-
ders, 30, 205–223.
Malhotra, S., & Vikas, A. (2005). Pervasive developmental dis-
orders: Indian scene. Journal of Indian Association for
Child and Adolescent Mental Health, 1, 5.
Murray, D.S., Ruble, L.A., Willis, H., & Molloy, C.A. (2009).
Parent and teacher report of social skills in children with
autism spectrum disorders. Language, Speech, and Hearing
Services in Schools, 40, 109–115.
Rai, D., Lewis, G., Lundberg, M., Araya, R., Svensson, A., Dalman,
C., . . . Magnusson, C. (2012). Parental socioeconomic status
and risk of offspring autism spectrum disorders in a Swedish
population-based study. Journal of the American Academy of
Child and Adolescent Psychiatry, 51, 467–476.
Rudra, A., Banerjee, S., Singhal, N., Barua, M., Mukerji, S., &
Chakrabarti, B. (2014). Translation and usability of autism
screening and diagnostic tools for autism spectrum condi-
tions in India: Translation of autism screening tools in
India. Autism Research, 7, 598–607.
Samadi, S.A., Mahmoodizadeh, A., & McConkey, R. (2012). A
national study of the prevalence of autism among five-year-
old children in Iran. Autism, 16, 5–14.
Skuse, D.H., Mandy, W.P., & Scourfield, J. (2005). Measuring
autistic traits: Heritability, reliability and validity of the
social and communication disorders checklist. British Jour-
nal of Psychiatry, 187, 568–572.
Skuse, D.H., Mandy, W., Steer, C., Miller, L.L., Goodman, R.,
Lawrence, K., . . . Golding, J. (2009). Social communication
competence and functional adaptation in a general popula-
tion of children: Preliminary evidence for sex-by-verbal IQ
differential risk. Journal of the American Academy of Child
and Adolescent Psychiatry, 48, 128–137.
Sprafkin, J., Gadow, K.D., Salisbury, H., Schneider, J., & Loney,
J. (2002). Further evidence of reliability and validity of the
Child Symptom Inventory-4: Parent checklist in clinically
referred boys. Journal of Clinical Child & Adolescent Psy-
chology, 31, 513–524.
Sugiyama, T., & Abe, T. (1989). The prevalence of autism in
Nagoya, Japan: A total population study. Journal of Autism
and Developmental Disorders, 19, 87–96.
Sun, X., & Allison, C. (2010). A review of the prevalence of
Autism Spectrum Disorder in Asia. Research in Autism Spec-
trum Disorders, 4, 156–167.
Tanoue, Y., Oda, S., Asano, F., & Kawashima, K. (1988). Epide-
miology of infantile autism in southern Ibaraki, Japan: Dif-
ferences in prevalence in birth cohorts. Journal of Autism
and Developmental Disorders, 18, 155–166.
Valla, J.M., Ganzel, B.L., Yoder, K.J., Chen, G.M., Lyman, L.T.,
Sidari, A.P., . . . Belmonte M.K. (2010). More than maths
and mindreading: Sex differences in empathizing/systemiz-
ing covariance. Autism Research, 3, 174–184.
Venkatesan, S., (2015). A Growing Trend in Pseudo-Diagnosis:
A Field Study on Children Frequently Mistaken for Autism
in India. Psychological Studies, 60, 91–100.
Volkmar, F.R., Cicchetti, D.V., Dykens, E., Sparrow, S.S.,
Leckman, J.F., & Cohen, D.J. (1988). An evaluation of the
autism behavior checklist. Journal of Autism and Develop-
mental Disorders, 18, 81–97.
Wignyosumarto, S., Mukhlas, M., & Shirataki, S. (1992). Epide-
miological and clinical study of autistic children in Yogya-
karta, Indonesia. Kobe Journal of Medical Sciences, 38, 1–19.
Wong, V., Hui, L.-H.S., Lee, W.-C., Leung, L.-S.J., Ho, P.-K.P.,
Lau, W.-L.C., . . . Chung, B. (2004). A modified screening
tool for autism (Checklist for Autism in Toddlers [CHAT-
23]) for Chinese children. Pediatrics, 114, e166–e176.
Wong, V.C., & Hui, S.L. (2007). Epidemiological study of autism
spectrum disorder in China. Journal of Child Neurology, 23,
67–72.
Zhang, X., & Ji, C. (2005). Autism mental retardation of young
children in China. Biomedical and Environmental Sciences,
18, 334.
Supporting Information
Additional Supporting Information may be found in the
online version of this article at the publisher’s website.
Table S1. SES categorization according to school fees.
Table S2. Mean score obtained on all tools according
to each SES category.
Table S3. Socio-demographic profile of responders and
non-responders for each screening and diagnostic tool
used in the study.
INSAR Rudra et al./Prevalence of ASD in India 9
